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HI systems reliability failure modes/mechanisms

Source: IMEC

Package on package warpage 
induced defects and failures

Photonic switching devices/SIP 
concepts

Source: Subbarayan, 
IEEE REPP 2023

Multi-physics



Modes/Mechanisms/Models for degradation & failure
ElectricalThermal Moisture Thermo-mechanicalMechanical DfR MethodsMfR Methods



Reliable HI systems: Approach
Top down: 
Artificial Intelligence 
and Machine 
Learning

Bottom up: 
Reliability Physics

Reliability Assurance Activities
Multi-physics/multi-scale HI 

systems require holistic cradle-to-
grave reliability methodology 



HI System reliability 
Prognostics and Health Management Fusion of bottom-up 

physics and top-down AI 
approaches



Reliability challenges in HI systems: Future outlook
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1-5 Years:

5-10 Years:

10-15 Years:

Multi-physics fusion approaches for reliability assurance
• Bottom-up Reliability Physics based approaches, tools, infrastructure
• Top-down Machine Learning & AI based approaches, tools, infrastructure

Fusion approaches for co-design (based on ‘digital twins’) and life-cycle 
PHM of next-gen robust HI systems
• Fault-tolerant systems
• Resilient systems

Fusion approaches for intelligent, adaptive, reconfigurable products with 
integrated autonomous life-cycle management capability
• Intelligent, self-cognizant systems
• Self-healing systems

Qualification for 
Reliability

Sustainment for 
Reliability

Digital Twins



Thank You 
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